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The breakdown of the 1-D radiative transfer assumption for
horizontally heterogeneous clouds leads to systematic
errors in the retrieval of zand r,

These systematic errors co-vary with the underlying cloud
heterogeneity and sun-view geometry

If systematic errors are not quantified under a wide range
of conditions, then we cannot decouple true space-time
variability found in nature from artificial space-time
variability introduced through the breakdown of the 1-D
radiative transfer assumption.
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Field campaigns used in evaluating VIS/NIR cloud optical
depths and effective radii for warm marine clouds...

APEX, ASTEX, COSAT, FIRE, SOCEX I, VOCALS, WENPEX
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Field campaigns used in evaluating VIS/NIR cloud optical
depths and effective radii for warm marine clouds...
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... all for marine stratiform clouds under high sun conditions



GulfofMexico

as UNITED STATES , 80

e 7‘ 77—7¥‘5”3"§*-—;‘ W - —— | — Sl Pl = —
1100 of Canaer Hm;‘—. ::-7 B R 7\7\\- Rl e 1] 18 1 amiemamwe B ——— 7] o = T'DDVC O' ancg
= B . o
G- < s <
B Y e e o o Antl ua and Barbuda
Isladela - Tty B < ‘i "j* (UK)
skventl ¢ "~ T af Grand Turk
® *' S DOMINICAN w
Istand
Cayr?g?&s)an : 1. & < g i AB;—- REPUBLIC British
‘ Y il Virgin Jsland:
George Town™” 7 (US. NAVALBASE) HAm > Santo “‘i,\ Chaﬂotte"gl(r:) ;‘";" S pnguilla (UK.)
P ,9 Port-2 Dmlho; », San Juan Amalle 9 The Valley
‘ Y oy > Y-S Fow"" : GUA AND
“Puerio Virgn & «” BARBUDA
i nca * Kingston 4y ‘ : Rico m'é%s'é's Basseterek St Jobn's “
¢ v US) (USR5 Nevis s Plymouth ‘ 16~
—tom 1 LLEgs Montserat[u)— g Guldeloupe (FRANCE) |
| P = e “'Basse-Terre |
‘ - on R OOMINCA ‘
=
Caribbean Sea BT e o de-France ‘
Cl{oerskmu E f s Ca Martinique (FRANCE) |
Sherersa S 32 s"'“*sr. LUCIA “
Isla de Providencit <
CowomBA ‘:ruba' Netherlands Antiles o o7 V!Nc:in?rgmn % BlfRBADos |
'/maas‘ e Oranjestad el LT snsmomesd Bridgetown
an 73 o | N
S, {COLOMBIA) J ) %. "V Bonaire Q? $ RENADA
Mai i VoY

COSTA

Ca

o‘\

b RN 11/35/04 - 01/24/05

RICA
e 1
NorthlPacific
Ocean .
[ @ S CHIE
[ o, ) Medelin ]
(CdOOSIT%) ' 3 Bogotd
VR *
Scale 1:21,500,000 o ¢ COLOMBIA :
Lambert Conformal Conic Projection, / cali
standard parallels 7'N and 19'N : -.-.-4) 4,
0 300Kiometers ‘ € /
isiands | O : 300 Nautical Mies |
', (ECUADOR) g BRAZIL
Nt i R 1 ECUADOR o racaecty st T2 2]

Rain'In Cumulus over the Ocean
| (RICO)

North Atlantic

\ ; e s i -

(3
.? St. Gaorues [
&

802107 (ROO769) 8-93




RICO Instrumentation Platforms

NCAR C-130
UK Met Office BAE-146

University of Wyoming King Air H

xxxxx
0 anan

-------

S Band (10 cm)
K Band (0.8 cm)
o | radars

17 “Golden days” of
flight data and 62 days
of continuous coverage
from S and K band

Antigua

radars






AST_L1B_00309152004140606_09282004120827.hdf

ASTER Cloud Mask  MODIS Cloud Mask MODIS Re (2.1 um)

me e
.“,"‘Q? PO,
%

R Al




Frequency (%)

20

18

16

14

RN
N

LN
o

oo

Effective Radius Distribution

16 days of aircraft N MODIS et el

—— Aqua MODIS, 2.1 um
C-130 FSSP-100 + 2DC probes

B Agqua
mean r,=20.7 ym

Terra
mean r,=23.6 ym

r_ (um)




Frequency (%)

20

18

16

14

RN
N

LN
o

oo

Effective Radius Distribution

16 days of aircraft " MODIS |7 00 m
—— Aqua MODIS, 2.1

' C-130 FSSP-100 + 2DC probes -

- Air100 m

- meanr,=10.8 ym

I \ Terra

i mean r,=23.6 ym

0 5 10 15 20 25 30




RN
N

LN
o

Frequency (%)

oo

Effective Radius Distribution

| | . | [ ——FSSP, 100 1
16 days of aircraft N MODIS e d0o0m |
Terra MODIS, 2.1 um

C-130 FSSP-100 + 2DC probes| — aqua MoDIs, 2.1 um ||

" Air 100 m \ i

mean r,=10.8 ym

Terra
I rrl’rL mean r, = 23.6 ym




Frequency (%)

20

18

16

14

RN
N

LN
o

oo

Effective Radius Distribution

16 days of aircraft " MODIS _Eggﬁj 1880mm

——Terra MODIS, 2.1 um|

C-130 FSSP-100 + 2DC probes| — aqua MoDIS, 2.1 um

—Terra HG <0.112

Terra, smooth clouds

- AIr100 m \ mean r,=17.7 ym

- meanr,=10.8 ym /

Terra
I ’JJJ-L mean r, = 23.6 ym




Optical Depth Distribution

Frequency (%)

T T I I I T

I I T
Terra ——Terra MODIS
mean t=5.7 —— Aqua MODIS

10 20 30 40 50 60 70 80 90 100




Frequency (%)

12

10

Optical Depth Distribution

T3

Terra
mean t=5.7

Terra, smooth clouds

mean 7= 14.4

I

- Terra MODIS
—— Aqua MODIS
—Terra HG <0.112

Sanity check: (0.04 m-")x(500 m)

20

50

90

100




' MODIS 1-D Radiative
Transfer Model

'
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“ r,(MODIS) ~

VIS NIR

* MODIS-MISR fusion for January and July 2001 — 2008

« Oceanic water clouds 33 km{

* Fusion done at cloud tops at ~ 1Tkm resolution -

MISR 1.1 km pixel
* Only fully cloudy 3 km x 3 km regions are registered in mPre

MODIS and MISR multiple views
Liang et al. (2009) , Di Girolamo et al. (2010), Liang and Di Girolamo (2013)
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Relative optical depth bias at a particular latitude and
scattering angle relative to the average optical depth over
all scattering angles at that latitude



Example of ¢ 1-D retrieval sensitivity to systematic error in r,

at scattering angles in the backward direction for the
different MISR view angles.
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MODIS 7 —bias vs scattering anglein January
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Preliminary calculations indicate that the cloud bow dip
can be explained with a ~ 4 to 6 ym overestimate of
MODIS-retrieved r, in the global mean



Summary
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Relative cloud albedo susceptibility to droplet
number concentration:
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If we are to increase the scientific utility of the data...

- We need to develop and implement a bias
correction procedure for MODIS r, and 7 that
depends on H_, sun-view geometry, etc.

- Path forward using MODIS and MISR fusion
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